The geese begin their long southward migration in late August and early September.
The nest history information reported here was collected in 1973 and 1974. In 1973. the ceese arrived after much of the nesting area was exposed and dry. We first found a nest on May 24 and nest initiation continued until June 4. In 1974, the nesting area was snow-bound when the geese arrived but a rapid melt ensued and nesting sites quickly became available.
Although the birds apparently delayed nesting by a few days, snow and water conditions did not obviously restrict the number of nesting pairs. Nest initiation began on May 27 and continued until June 9.
Snow and water first leave areas where vegetation is low. Locallv. higher mound is first available for nesting.
Areas ' which a;k colonized first are ultimately those of highest nesting density. Usually one egg is laid per day until the clutch is complete ( Coach 1958 ( Coach , 1961 ) . Intraspecific nest parasitism (i.e. females laying eggs in nests other than their own) is a frequent phenomenon although it varies between years (5-11s of successful eggs, unpubl. data). Incubation commences after the laying of the last or penultimate egg and averages 23.7 days (SD = 1.06, N = 250, unpubl. data).
Within a day of hatching, the goslings leave the nest site with their narcnts. The families form loose flocks and feed mainly on the newly emergent vegetation (Lieff 1973) . During this period the adults molt their primaries. Their reacquisition of flight capability corresponds closely to the fledging of goslings at seven weeks of age ( Coach 1958) .
The geese begin their long southward migration in late August and early September.
Maturity is deferred in both sexes and birds cannot breed until two years old ( Coach 1958) . Not all birds first breed at this age; some wait until at least four years of age.
METHODS
Prior to the arrival of the geese in each year, we delineated an area of the colony as the primary study area. This area was searched daily during nest initiation and information was collected on each nest as the geese established territories.
Peripheral areas [I471 GEORGE FINNEY AND FRED COOKE Total clutch size was recorded as total number of eggs seen in a nest.
During incubation, nests were visited every 3-4 days and nest destruction or egg loss was noted. As incubation proceeded the pairs became less sensitive to our disturbance and it became possible to identify the resident of a particular territory.
At this time, parental color phase and the bands on each bird were recorded.
Except where otherwise indicated, "adults" refers to birds at least four years old, i.e. banded as adultplumaged birds two or more years previously. The inclusion of some four-year-old birds in the adult category renders comparison of adults and four-year-olds less sensitive, but this penalty was accepted in order to assure an adequate sample of adult birds. During incubation a secondary study area was established containing 1087 nests in 1973 and 1372 nests in 1974. The data collected in this area did not include initiation or start of incubation dates but in other respects were identical to those in the primary study area. In selecting our study areas we attempted to obtain a sample of nests that was representative of and proportional to the various habitat types and nesting densities on the colony. The location of each nest was mapped using aerial photographic prints (National Air Photo Library, negative numbers A17166-62, -39: X 10, scale 1:1200). The resolution and scale of the photos allowed mapping of the nests to an accuracy of 3 m.
When hatching began, nests were again visited daily. The date of hatch was defined as the first day that any egg in a nest was observed pipping. Only successful nests (at least one egg hatched) for which a precise hatch date was known were included in our analysis. The hatch date was considered imprecise if there was no record for the nest on the day immediately preceding the first observation of goslings or pipping eggs in a nest. At this time the pair' s productivity was recorded as the number of goslings leaving the nest (number of eggs hatched, or presumed hatched, minus the number of goslings seen abandoned). For future identification, goslings were individually marked with metal tags applied to the web.
Approximately five weeks after hatching, flocks of flightless adults and young were captured. Bands were applied to each unbanded bird, which color coded them as to year when first banded and their age. Previously banded birds were noted and this provided the basis for one estimate of return rate. All young of the year were examined for web tags.
Computer analyses of the data were done with the APL language, using its FILE system capabilities.
Statistics follow Sokal and Rohlf ( 1969).

RESULTS
RETURN RATE
The return of birds marked as goslings to the breeding colony in their second and subsequent years is recorded in This discrepancy in estimates of return rate (as calculated from the recapture versus the resight data) indicates that errors or sampling biases have been introduced to one or both of the data bases. The discrepancies apply constraints on the interpretation of the return rate data. However, differences in return rates are assumed to be real when they are large and when the two methods show a consistent pattern.
Comparison of entries along the major diagonals of Table la Table 8 ). This discrepancy is, however, insufficient to explain the large variation in return rates which has been described.
The variation in observed rates of return can best be explained by assuming that it reflects differences in recruitment rates of young birds to the nesting population. The resight estimates rely, of course, on data obtained from nesting birds. The birds which are recaptured during the banding program are also predominantly nesting birds and their young because most non-nesting adults leave the area of the colony prior to the banding program (Boag 1974 , Sulzbach 1975 .
The different return rates may be due to differences between years in the intensity of competition for nest sites and/or differences in the competitive ability of the specific yearclasses. At present, we have insufficient information to distinguish between these alternatives.
Regardless of the reasons for differential return rates among year-classes, one consequence of this is important. Many females born in 1971 were experienced nesters as 3-year-olds whereas a large proportion of 1970 females were inexperienced nesters at this age.
SPATIAL DISTRIBUTION
The spatial distribution of nests was analyzed to determine how nest sites were distributed with respect to female age. A preliminary analysis in which the number of 2-year-olds, 3-yearolds and adults was compared among study areas showed that in each year the age-classes were distributed non-randomly ( to test the hypothesis that young birds nest predominantly in low density areas (Fig. 2) . In the calculations of area, water bodies were excluded and the density figures represent nests per unit of land area. No consideration was given to other variations in habitat suitability among areas because these data are not readily available. Both successful and unsuccessful nests have been included in making the density isograms because density during nest initiation was considered the relevant parameter as an indicator of intensity of competition and nest site availability. The nest density pattern was similar in 1974.
Comparison of the two figures shows that most adult birds were found in areas of high nest density and younger birds in low density and peripheral regions. The central delta region, however, was an exception, because the nests there were of low density but there were very few young female birds. Nesting density as calculated, therefore, presents an incomplete explanation of the age-dependent spatial distribution of birds on the colony.
Coulson (1971) defined the most recently utilized portion of a colony as "peripheral," and he found that young Black-legged Kittiwakes occupied these areas. If one additionally defines a peripheral site as one that is only irregularly available for nesting, then the spatial distribution of Snow Geese of different ages is adequately explained. Much of the central delta has been consistently occupied since the study began in 1968 and now has a high percentage of adult birds. The northern part of the study area was not colonized until 1972 and more than 30% of the banded birds in this area are 2-or 3-year-olds. It is not known when the outer regions in the south were first colonized (pre-1969) but a striking feature of the area is that young birds were in fringe areas that had been occupied in only four of five breeding seasons since 1970.
Thus, young breeding females were clustered on the colony in sites that can be defined as "peripheral" according to three criteria: (a) nesting density, (b) recency of colonization and (c) constancy of nest site availability between years.
TIME OF NESTING
Parameters of nesting timing were compared among the age-classes. Comparative nest initiation dates for 1974 are presented in Table  2 . Both adult and 4-year-old females estab- The mean total clutch size for females of different ages is compared in Table 4 Clutch size is known to be negatively correlated with time of nesting in Snow Geese (Coach 1958). L emieux (1959) postulated that this correlation was due to the fact that inexperienced females nested later and had smaller clutches thus depressing the mean as the season progressed. As he was studying an unmarked population, his hypothesis was untested.
Using initiation dates, sample sizes were inadequate in 1973 but data were available for 1974. There was a significant negative relationship between initiation date and total clutch size for amalgamated age classes (b = -0.34, FM = 37.34, P < 0.01) . There was no significant correlation found within 2-, 3-or 4-year-old classes, but samples were small (7, 2 and 8 respectively).
When hatch date was used as the parameter We conclude that the observed negative regression between clutch size and time of nesting was not simply an artifact of the age structure of the population, because the relation held within specific age-classes. As younger females tended to start later and have smaller clutches than adults, it is not surprising that the negative slope of the regression is reduced when comparing the adult class to the amalgamated sample. The difference in slope, however, is not significant.
The 1973 data can be further used to test the hypothesis that young females have smaller clutches simply because they nest later. Average clutch sizes on a given hatch date were compared among age-classes and the results are presented in Table 5 . For four of the five dates for which a comparison of adult and 2-year-olds was possible, the difference in average clutch size was significant. A similar comparison of 3-year-oh& and adults yielded significant differences in clutch size on four of eight days. No differences were found when 2-year-olds and 3-year-olds were compared. These results lead to the conclusion that the differences in average clutch size among age-classes are not adequately explained by differences in the time of nesting.
NESTING AREA EFFECTS
As adults and young birds nested in different areas of the colony, it was necessary to determine if the smaller clutches and later timing of young birds was a consequence of their choice of nest sites. Adult and 2-year-olds
were selected for comparison from areas of young female concentration and from areas of adult concentration (>40% and <lo% of marked females were 2-or 3-year-olds, respectively ) . Throughout this section these areas are referred to as "young-frequent" and "young-infrequent" areas, respectively. A sample of 2-year-olds and adults was selected from each area. Hatch dates and clutch sizes were compared within areas between age-classes and for the same age-class between areas. Few 2-year-olds were discovered in the young- Comparison of mean hatch dates (Table 6 ) reveals that the mean date of clutches of 2-year-old females was later than that of adults nesting in the same area. The difference is highly significant except in the 1974 youngfrequent area, where significance was lacking. In this area, 2-year-olds were on average 1.5 days later than adults.
When adults and 2-year-olds were compared, differences in hatch date between the two areas in 1974 were not significant. However, adults in the young-infrequent area did hatch their clutches significantly earlier than those in the young-frequent area in 1973. Comparisons of timing of an age-class between areas are sensitive to factors such as relative snow cover and water level at initiation. As these factors vary widely between nesting seasons, the apparent inconsistency in results is not surprising.
Comparing mean clutch sizes (Table 7) shows that, within an area, 2-year-olds had a smaller average clutch than did adults. The differences are significant except in the 1974 area of young concentration, where the difference was only 0.47. No significant differences in average clutch size were found for an age-class between areas.
In summary, differences between adult and 2-year-old females, in both time of nesting and clutch size, were not a consequence of the location of their nests. 
GOSLINGS LEAVING THE NEST
The relative productivity of the different ageclasses did not substantially change in either year when the number of goslings leaving the nest was examined rather than clutch size (Table 8) . Percentage egg success for successful nests was calculated for each age-class by comparing the mean number of goslings leaving the nest to the mean clutch size (Table  9 ). These data indicate that in successful nests, differences in egg success are slight among the age-classes. Information on relative nest success of the various age-classes was incomplete and therefore the small number of unsuccessful nests for which the age of the female parent was known (4 in 1973, 13 in 1974) were excluded from these analyses.
DISCUSSION
Clutches become larger and the time of nesting advances with female age in the Snow Goose as in several other avian species. Prevett (1973) previously noted that 2-year-old Snow Geese had a smaller clutch than adults. Although age-classes were heterogeneously distributed throughout the colony, neither hatch date nor clutch size differences were a direct consequence of differences in areas of nesting. Within any section of the colony there were, in differing proportions, both adult and young residents and in each, adults on the average started earlier and had larger clutches. Although clutch size was negatively correlated with time of nesting, the lower clutch size of young females was not simply a result of their timing, as those starting on the same dates as adults had a smaller average clutch. The difference between 2-year-olds and adults was highly significant (P < 0.01).
In 1974, Z-year-olds differed significantly from the other three classes combined (P < 0.05).
Return rates of females of known age were estimated from observations of banded birds during incubation and from recapture of banded birds during the adult molt. Recapture estimates were consistently higher than those obtained from incubation data. One or both samples were apparently not random with respect to the La P&rouse Bay population. Randomness is an implicit assumption of the calculations.
One source of potential bias is in the proportion of recaptured birds which have successfully nested. The birds observed during incubation were mainly successful nesters. The recapture sample could possibly include a higher proportion of failed nesters and nonbreeders, although evidence suggests that most of these birds are not captured during banding drives (Boag 1974, Sulzbach 1975 ). There is a considerable discrepancy among year-classes in the amount of difference in the two estimates of return rate. The 1970 yearclass estimates are much more disparate than those of the 1971 birds. If differences in the proportion of successful nesting birds account for a large proportion of discrepancy in the two estimates of return rate, the data imply that the 1971 year-class was more successful than the 1970 year-class in both 1973 and 1974. The possibility of persistent year-class differences is speculative at present, but represents a potentially interesting phenomenon.
One further factor may be causing differences in the return rate estimates. Nesting females tend to associate with other birds of the same age. Similar segregation occurs in post-hatch feeding flocks (Finney 1975). Discrepancies in estimates of return rate could be explained if we were consistently monitoring In each year, several 2-year-old, and therefore inexperienced, females nested in predominantly adult areas and early relative to other females of the same age. These may represent those cases when a female acquired an experienced male and was thereby stimulated to nest earlier in the season (Coulson 1966 , Mills 1973 . Unfortunately, in no instance was the age of the male known; hence, the importance of the male in determining time and place of nesting remains entirely speculative.
In discussing the differences in clutch size among the age-classes we assume that the observed clutch size is an unbiased estimate of the real clutch size. Factors such as intraspecific nest parasitism (see Cooke & Mirsky 1972) which increases apparent clutch size, and replacement clutches (see Ryder 1971)) which in a determinate layer result in a reduced clutch size, are assumed to be random events among the age-classes. We have no evidence, but both events are relatively infrequent.
Coach ( Older birds may return to the same areas of the colony each year because of habitat selection and/or site tenacity. Our observations confirm Coach' s (1958) conclusion that site tenacity is present but weak in Snow Geese. Of 34 pairs of successfully nesting geese found in both 1973 and 1974, only 15 were in the same neighborhood (within 50 m) and 50% of the pairs had moved territories more than 70 m between seasons. Thus nest site tenacity is not we11 enough established in the species to ensure that a group of birds will nest in the same area each year and some type of habitat selection therefore appears to be in effect. This selection may be based on temporal patterns of nest site availability rather than physical characteristics of the areas. The nature of the selection is obscure, but our data show that mechanisms such as site or neighborhood tenacity are too weak to explain the spatial distribution.
Hatching success of eggs of successful breeders does not significantly increase with female age. These findings agree with those of other studies (Coulson 1966 , Mills 1973 . We were unable to acquire any direct measure of relative nesting success since it was difficult to acquire information as to the age of the attendant female at nests that were ultimately unsuccessful.
We attempted to acquire information on gosling survival rates during the first five weeks of life prior to fledging. The data were, however, complicated by various sampling biases and were therefore ambiguous (Finney 1975) .
The data show therefore, that although young females are less productive than adults overall, this is almost entirely due to initial differences in clutch size. No difference in their hatching efficiency was detected, although because of the techniques employed, information on relative nesting success or total brood loss is lacking.
Individual variation in age of first breeding has been recorded for many species (see Cody 1971) as has the variation in recruitment rate between seasons (e.g. Gannets [Moms bassaws], Nelson 1966; Red-billed Gulls [Lams novaehollandiae], Mills 1973) I Return rate data presented in this paper indicate differences between year-classes as such with respect to the age that they will first breed. Thus it appears that, in 1973, a higher proportion of the e-year-old age-class was nesting than was the case for 3-year-olds.
The maximum number of recruits entering the breeding segment of the population will be influenced by the availability of nesting sites, or other critical resources, in that year. This, in turn, will depend on adult mortality during Some females begin nesting as 2-year-olds but others delay first nesting until at least 4-years of age. Year-class differences seem to occur in the average age of recruitment to the nesting segment and in the pattern of return. Differences in the availability of nutrients to goslings may influence subsequent performance of a year-class.
Young females nest predominantly in areas of the colony which were recently colonized or irregularly available for nesting. Nest density is lower where young birds are concentrated.
Young females nest later than adults and clutch size is lower. Difference between yearclasses in the timing and clutch size of 3-yearold females suggests that experience, as well as age itself, may be a factor.
Young birds do not have smaller clutches simply because of where they nest or when they nest relative to adults. Even in areas of the colony dominated by young birds, adults nest earlier and have larger clutches.
Average clutch size decreases as the season progresses. This relationship holds when single age classes are examined, showing that the relationship is not an artifact of the age structure of the population.
Consideration of the selective pressures which could result in deferred maturity and lower clutch sizes among young nesting females leads to the conclusion that experience must be a factor. Feeding efficiency is not likely to be the critical factor requiring learning in this grazing species. The nutrient reserves of a young female upon arrival at the nesting colony are likely to be low relative to adults, although this has yet to be demonstrated. Although body condition may act as the proximate factor influencing clutch size and timing, the ultimate factors upon which selection acts may be different. Future studies will have to determine both the mechanisms and causes of the reproductive regulation for the species.
